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Abstract
Despite the high prevalence of adolescent food insecurity in Ethiopia, there is no study which documented its association
with suboptimal dietary practices. The objective of this study is to determine the association between adolescent food
insecurity and dietary practices. We used data on 2084 adolescents in the age group of 13–17 years involved in the first
round survey of the five year longitudinal family study in Southwest Ethiopia. Adolescents were selected using residence
stratified random sampling methods. Food insecurity was measured using scales validated in developing countries. Dietary
practices were measured using dietary diversity score, food variety score and frequency of consuming animal source food.
Multivariable regression models were used to compare dietary behaviors by food security status after controlling for socio-
demographic and economic covariates. Food insecure adolescents had low dietary diversity score (P,0.001), low mean
food variety score (P,0.001) and low frequency of consuming animal source foods (P,0.001). After adjusting for other
variables in a multivariable logistic regression model, adolescent food insecurity (P,0.001) and rural residence (P,0.001)
were negatively associated with the likelihood of having a diversified diet (P,0.001) and frequency of consuming animal
source foods, while a high household income tertile was positively associated. Similarly, multivariable linear regression
model showed that adolescent food insecurity was negatively associated with food variety score, while residence in semi-
urban areas (P,0.001), in urban areas (P,0.001) and high household income tertile (P = 0.013) were positively associated.
Girls were less likely to have diversified diet (P = 0.001) compared with boys. Our findings suggest that food insecurity has
negative consequence on optimal dietary intake of adolescents. Food security interventions should look into ways of
targeting adolescents to mitigate these dietary consequences and provide alternative strategies to improve dietary quality
of adolescents in Southwest Ethiopia.
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Introduction
Regular intake of adequate quality and quantity diet is vital for
optimal health, growth and development of adolescents. In low
income countries, suboptimal dietary practices result either from
limited access to food supply [1–2] or from inadequate knowledge
[3] of the importance of a good quality and quantity diet.
Inadequate dietary intake related to food insecurity is particularly
common. When food supplies are constrained, household mem-
bers including adolescents are exposed to using coping strategies
that compel them to reduce the quality and quantity of foods
consumed [4]. Adolescents need diets rich in micronutrients and
protein for their pubertal growth spurt. Adolescence is the only
time in the life span following infancy when the growth rate is very
rapid and individuals acquire a substantial proportion of their
adult weight and height [5], and this makes them vulnerable to the
consequences of suboptimal diet. However, adolescent nutrition is
given less attention in nutrition policies, strategies and programs of
low income countries; which might explain the high prevalence of
both acute and chronic malnutrition among adolescents in
developing countries [6–8]. In Ethiopia for instance, adolescents
make up about 25% of the total population [9], but, both the
national nutrition strategy and the national nutrition program do
not identify them as specific target groups [10–11].
In Jimma, Ethiopia food insecurity is a common problem [12].
Following an increase in food prices since 2005[13–14] and the
un-affordability of essential food items especially animal source
foods, dietary quality of adolescents is expected to deteriorate
further.
Poor quality diet intake during adolescence may lead to
malnutrition [13] that could resonate throughout generations as
adolescence is sensitive period for development of both future
productive and reproductive capacities. It was also reported that
food insecurity is associated with an increased morbidity in
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adolescents [12,15–16], which is hypothesized to be due to poor
dietary intake practices.
The available evidence substantiating the association between
food insecurity and dietary practices originates from high-income
countries [17–18] based on household measures of food insecurity
as stated by the head of the household. However, household
measures of food insecurity may not fully capture the dietary
experiences of adolescents [12].
In developing countries where people often share food from a
common bowl [19], dietary diversity [20–22], food variety [23–24]
and consumption of animal source foods [25–27] are indicators
commonly used to assess dietary intake. Adequacy of nutrient
intake has been positively associated with the number of different
foods consumed [23–24,28]. However, the few studies which
assessed the effect of food insecurity on dietary intakes in low
income countries used indirect methods based on per capita
expenditures on food as reported by the household head rather
than direct assessment of the above measures [29–31]. These
indirect methods may not fully capture the dietary challenges at
the individual consumption level. There are no studies that
explored the direct association between adolescents’ personal
experience of food insecurity and dietary practices, especially in
the developing countries’ context where food insecurity is
common. This study examined the disparities in dietary diversity,
food variety score and frequency of animal source food
consumption by adolescent security status.
Methods
Study sample
This report is based on data from 2084 adolescents enrolled in
the first round of the five year longitudinal study of adolescents
conducted in Jimma zone Southwest Ethiopia. The study samples
were drawn from urban [Jimma city], semi urban [small towns]
and six rural communities ‘‘Kebeles’’ adjacent to the towns to give
a representative picture of the area. From the total list of 5795
households generated through census, 3700 households were
randomly selected and screened for an eligible adolescent. An
adolescent boy or girl in the age group 13–17 years was selected
from the households that have this target age group using a
Kish[32] resulting in an enrollment of 2100 adolescents for the
longitudinal study. The sample size for each study site was
allocated based on a probability proportional to size.
Structured household and adolescent questionnaires were used
to collect data on food security, socio-demographic and economic
variables. The household and adolescent interviews were carried
out from August 2005 to February 2006. The questionnaires were
interviewer administered and translated to the local languages
[Amharic and Oromifa] and their consistency was checked by
another person who speaks both languages. The questionnaire for
collecting food security, socio-demographic and economic data
was pre-tested on 200 adolescents selected from a community in
Jimma City that were not included in the main study and the
questionnaire was modified based on the pretest observations. The
interviewers received one week of intensive training prior to the
pre-test and an additional week of training with the final version of
the questionnaire before beginning of the actual interviews.
Supervisors kept track of the field procedures and checked the
completed questionnaires every day to ensure accuracy of the data
collected and the research team supervised the data collection
team every week.
Measurements
We used three measures including dietary diversity [20–21],
food variety [23–24] and consumption of animal source foods [25–
27] to gauge their dietary practices. Dietary diversity [DD] was
assessed using a food frequency questionnaire containing 30 food
items that are commonly consumed in the study area. The list of
food items was developed based on an extensive interview of the
data collectors who are from the study area and who knew the
culture and language and key informants in the study area on the
types of foods commonly consumed. The food frequency
questionnaire was pre-tested on 200 adolescents and the food
items commonly consumed in the area and the patterns over the
week days observed during the pretest were used to refine the food
frequency questionnaire. Participants were asked to report the
frequency of consumption of each food per day, per week or per
month using the past 3 months as a reference [33]. Given the large
variation of dietary habits in the local community over the days of
the week, the consumption of each food item per day [34] was not
taken as a cut-off point to define consumers. Rather, adolescents
were coded as a ‘‘consumer’’ of a food item if they had consumed
the food item at least once per week [35]. As there is no Ethiopian
classification of food groups, the 30 food items [Table 1] of the
food frequency questionnaire were grouped into seven groups
[gains/vegetables/fruits/dairy/protein foods/oils/Discretionary
calories] [Table 2] according to the MyPyramid classification for
healthy eating [36]. A Dietary Diversity Score (DDS) was
constructed by counting the intake of the food groups over a
period of one week [37] based on the definition that it is the sum of
food groups consumed over the reference period. For example, an
adolescent who consumed one item from each of the food groups
at least once during the week would have the maximum DDS of 7.
The DDS was converted into tertiles and the highest tertile was
used to define ‘‘high’’ dietary diversity score, while the two lower
tertiles combined were labeled as ‘‘low’’ dietary diversity score.
Food Variety Score [FVS] is the frequency of individual food
items consumed in the reference period. It was calculated by
counting the consumption of each of the 30 individual food items
over the reference period of one week [28,37] with the maximum
FVS to be thirty. The mean FVS were compared by background
characteristics and food security status.
Animal Source Food [ASF] intake was assessed by summing the
number of times each animal source food was consumed over the
days of the week. Frequency of ASF consumption was divided into
tertiles and the highest tertile was used to define ‘‘high’’ frequency
of consumption of ASF, while the two lower tertiles were labeled as
‘‘low’’ frequency of ASF consumption.
We adjusted our analysis for household dependency ratio
calculated as the ratio of people who are not expected to be
productive [age groups greater than 64 and less than 15 years] to
the number of people who are expected to be potentially
productive [age 15–64 years]. The dependency ratio was divided
in to tertiles. We also adjusted for adolescent educational status
categorized based on the current classification the Ministry of
Education as ‘‘primary’’ [grade 8 and below] and secondary and
above [Grade 9 and above].
Adolescent food insecurity was measured using items adapted
from household food insecurity scales that were previously
validated for use in developing countries [38–40], the details of
the methods are described elsewhere[41]. Four items that amply to
individual experiences adolescents were used to assess food
insecurity. Briefly, adolescents were asked whether in the last
three months they (1) had ever worried about having enough food;
(2) had to reduce food intake because of shortages of food or
money to buy food; (3) had to go without having eaten because of
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shortage of food or money to buy food and (4) had to ask outside
the home for food because of shortage of food or money to buy
food. All ‘‘Yes’’ responses were coded ‘‘1’’ and ‘‘No’’ responses
were coded ‘‘0’’ and the scores were summed. Adolescents who
had food insecurity score of 1 and above were labeled as food
insecure. The index has high internal consistency (Cronbach’s
Alpha= 0.81).
The study was approved by the Ethical Review Boards of both
Brown University (USA) and Jimma University (Ethiopia).
Informed verbal consent was obtained both from the parents
and each respondent before the interview or measurement as
approved by the ethical review committees which followed and
documented the study process through supervisory visits.
Data analysis
The data were entered in double, checked for missing values
and outliers and analyzed using SPSS [SPSS Inc. version 16.1.,
Chicago, Illinois]. First, bivariate analyses were carried out to test
differences in DDS and frequency of consumption of ASF by food
security status using Pearson’s Chi-square Tests. For FVS, mean
differences between groups were analyzed with an independent
sample T-test and one way analysis of variance. The mean intake
of the different food groups, mean DDS, mean FVS and
proportions of adolescent who had a high frequency of ASF
intake were computed by adolescent food security status. To
identify the predictors of dietary diversity, a multivariable logistic
regression model was fitted with DDS as binary dichotomous
dependent variables and other covariates. A second multivariable
logistic regression was fitted with frequency of ASF consumption
as a binary dependent variable. The results are presented as odds
Table 1. Proportion of adolescents who consumed specific food item at least once in a week in any given week during the last 3
months before the survey by their food security status.*
Food items consumed Adolescent Food security Status
Food secure (%) (n=1656) Food insecure (%) (n=428) Total (%) (n=2084) P1
Grains
Teff (Eragrostis abyssinica)
Wheat
Sorghum
Barley
Maize
Rice
99.4
86.7
59.0
66.7
79.8
42.9
98.1
81.3
54.9
51.9
81.1
28.7
99.1
85.6
58.2
63.7
80.0
40.0
0.012
0.005
0.126
,0.001
0.547
,0.001
Vegetables
Sweet potato
Potato
Carrots
Tomato
Cauliflower
Green leafy vegetables
67.0
87.7
50.3
69.7
12.7
81.3
68.0
87.1
40.4
69.2
9.3
86.0
67.2
87.6
48.3
69.6
12.0
82.3
0.706
0.740
,0.001
0.814
0.054
0.025
Fruits
Avocado
Papaya
Banana
Pineapple
Oranges
44.4
66.7
91.2
12.7
79.4
29.7
55.6
84.6
10.7
72.7
41.4
64.4
89.8
12.3
78.0
,0.001
,0.001
,0.001
0.277
0.003
Dairy
Milk
Cheese
57.0
67.8
42.3
59.8
54.0
66.1
,0.001
0.002
Protein Source foods
Beef
Fish
Chicken
Goat or mutton
Liver
Eggs
Nuts
Legumes
32.4
4.9
5.7
26.9
8.0
62.4
68.0
94.1
20.8
2.6
3.0
16.9
8.2
42.5
51.0
93.2
30.0
4.4
5.1
24.8
8.1
58.3
64.6
93.9
,0.001
0.037
0.027
,0.001
0.9217
,0.001
,0.001
0.508
Oils
Butter
Oil
71.4
98.1
61.9
97.2
69.4
97.9
,0.001
0.227
Discretionary Calories
Soft drinks 25.4 12.4 22.7 ,0.001
Most of the significant differences observed were on food items which became very expensive.
*Percentages refer to the proportion of adolescents who consumed the food item over the last 7 days and are calculated from column total. 1The significance level is
0.0016 [0.05/30) due to Bonferroni correction.
A Chi-square test was used to calculate the P values.
doi:10.1371/journal.pone.0057643.t001
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ratio (OR) with 95% confidence intervals. For all scenarios
models, only variables that showed a significant association
(P,0.05) in the bivariate analyses were entered in the adjusted
models.
Third, a multivariable linear regression model was fitted to
explore associations between the continuous variable FVS and
predictors that showed significant association in the bivariate
analyses. Normality of the residuals was inspected visually using
data QQ-plots and residual-versus-predictor plots for FVS.
Bonferroni correction was applied to the level of significance to
adjust for multiplicity of tests for food items using (0.05/n). Second
degree interaction terms between different predictors were
examined and collinearity between variables was checked using
variance inflation factor. All tests were two-sided and P,0.05 was
considered statistically significant. The results are presented as
means and SD and the parameters from the models as b-
coefficients and 95% confidence intervals.
Results
A total of 2084 adolescents were interviewed out of the 2100
planned giving a response rate of 99.2%. Out of these,
1025(49.2%) were girls and 1059(50.8%) were boys. Regarding
their residences, 35.8%, 28.3% and 35.9% of adolescents live in
the urban, semi-urban and rural areas, respectively. Overall, a
total of 428(20.5%) of adolescents had transient food insecurity.
Among the food insecure adolescents, larger proportion used a
variety of food based coping strategies for a period of 1–7 days
during the last three months before the survey, while a small
proportion used the coping strategies for greater than 21 days of a
month during the past 3 months. Food based coping strategies
used by the majority were : reducing the number of meals per day
(89.3%), worrying about running out of food (81.8%), spending the
whole day without eating (23.8%) and asking for food or money to
buy food/begging (20.8%), Table 3.
The proportion of adolescents who consumed various food
items at least once over one week period is presented by their food
security status in Table 1. Out of the 30 different food items, there
were 20 significant differences in the reported consumption by
food secure and food insecure adolescents, although after adjusting
for the large number of statistical tests, only 13 differences were
significant at the 0.0016 level (0.05/30 tests). Comparing the food
secure and food insecure adolescents, a significantly lower
proportion of food insecure adolescents consumed micronutrient
and protein rich foods such as beef, egg, cheese, chicken, goat/
mutton, fish, nuts, dairy products and fruits (P,0.01) compared to
their food secure peers.
Table 2 presents the consumption of the seven food groups by
adolescent security status and gender. Food insecure adolescents
had a significantly lower mean consumption of the dairy products
(P,0.001) and fruits (P,0.001) compared to their food secure
counterparts for the whole sample. On gender stratified analysis,
food insecure boys had a significantly lower mean consumption of
dairy products (P,0.001) and fruits (P,0.001) compared to food
secure boys. Similarly, food insecure girls had a significantly lower
mean consumption of the dairy products (P,0.001) and discre-
tionary calories (P,0.01) compared to food secure girls.
Bivariate analyses of dietary practices by socio-demographic
variables and food security status are shown in Table 4. Adolescent
food insecurity (P,0.001), high household dependency ratio
(P = 0.008) and rural residence (P,0.001) were positively associ-
ated with low DDS. Whereas, male gender (P,0.001), age
(P,0.001), residence in urban areas (P,0.001) and in semi-urban
areas (P,0.001), high household income tertile (P,0.001) and
educational status of secondary school or above (P,0.001) were
negatively associated with having low DDS. A similar pattern was
also observed in the frequency of consumption of ASF.
*Frequency of ASF consumption per week, tertiles: low (,1.3),
Middle (3.0), high (4.8).
A multivariable logistic regression analyses carried out to isolate
the independent effects of the different covariates on DDS showed
that age (OR=1.15, P= 0.006) and high household income
tertiles (OR=1.61, P= 0.004) were positively associated with
having high dietary diversity score, while adolescent food
insecurity (OR=0.42, P,0.001) and residence in the rural area
(OR=0.37, P,0.001) were negatively associated with having high
dietary diversity. Similarly, adolescent food insecurity (OR=0.67,
P= 0.003) and rural residence (OR=0.28, P,0.001) were
Table 2. Mean (6SD) intake of food groups per week in any given week during the last 3 months before the survey by food
security status and sex.
Food Groups All (n =2084) Boys(n =1059) Girls(n = 1025)
FS(n=1656) FIS(n =428) FS(n=892) FIS(n =167) FS(n =764) FIS(n =261)
Grains 1.00(60.02) 1.00(60.05) 1.00(60.03) 1.00(60.00) 1.00(60.00) 1.00(60.06)
Vegetables 0.99(60.10) 0.99(60.08) 0.99(60.12) 0.99(0.11) 0.99(60.10) 0.99(60.06)
Fruits 0.98(60.12) 0.94(60.23)*** 0.98(60.13) 0.89(60.30)*** 0.99(60.11) 0.97(60.17)
Dairy 0.80(60.40) 0.71(60.45)*** 0.29(60.46) 0.12(60.32)*** 0.82(60.38) 0.69(60.46)***
Protein source
foods(both plant and
animal)
1.00(60.07) 0.99(60.11) 0.99(60.09) 0.98(61.13) 1.00(60.00) 0.99(60.09)
Oils 0.99(60.09) 0.98(60.14) 0.99(60.11) 0.97(60.17) 1.00(60.04) 0.99(60.12)
Discretionary calories0.25(60.43) 0.12(60.32)*** 0.79(60.41) 0.74(60.43) 0.21(60.41) 0.13(0.33)**
***P,0.001, **P,0.01.
T-test was done to assess the differences between food secure and food insecure groups by intake of the different food groups. The food items were grouped
according to MyPyramid [USDA, 2005).
Means [6SD) are given unless indicated otherwise.
The p values compare the means frequency of consumption of the different food groups per week between food secure and food insecure adolescents and the
maximum value for the group is 1.
FS = food Secure, FIS = Food Insecure.
doi:10.1371/journal.pone.0057643.t002
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Table 3. Food based coping strategies used among food insecure adolescents in southwest Ethiopia during the last three months
before the survey.
Food based coping strategy(n=428) Never 1–7 Days 8–21 Days .21 Days
% % % %
Number of days adolescent had to reduce the number of meals eaten in a
day, because of shortages of food or money to buy food during the last 3 months
10.7 78.0 6.8 4.4
Number of days the adolescent worried that he/she would run out of food or
not have enough money to buy food during the last 3 months
18.2 69.6 6.3 5.8
Number of days the adolescent had to spend the whole day without eating,
because of shortages of food or money to buy food during the last 3 months
76.2 19.2 1.9 2.8
Number of days the adolescent had to ask for food or money to buy
food(beg) during the last 3 months
79.2 17.8 1.4 1.6
The last 3 months refer to time before interview of the adolescent.
Percentage is calculated out of row totals.
doi:10.1371/journal.pone.0057643.t003
Table 4. Dietary diversity, food variety score and the consumption of animal source food by adolescent and household food
security status and socio-demographic variables (n = 2084).
Characteristics Dietary Diversity Score FVS Frequency of ASF Intake*
Low (%)
(n=1678)
High (%){
(n =406) p Mean(±SD) p
Low (%)
(n =1161)
High (%){
(N=923) P
Adolescent food security
Food secure
Food Insecure
78.0
90.4
22.0
9.6
,0.001 17.2(63.9)
15.2(63.8)
,0.001 64.7
72.9
35.3
27.1
0.003
Sex of the adolescent
Female
Male
83.9
77.2
16.1
22.8
,0.001 16.7(63.6)
16.8(64.3)
0.952 65.2
67.5
34.8
32.5
0.257
Age in completed years
13
14
15
16
17
87.3
82.9
78.1
75.4
76.5
12.7
17.1
21.9
24.6
23.5
,0.001 16.3(63.7)
16.9(63.9)
16.7(64.0)
17.1(64.1)
17.1(64.2)
0.016 74.2
65.6
65.3
63.5
60.9
25.8
34.4
34.7
36.5
39.1
,0.001
Place of residence
Urban
Semi-urban
Rural
72.8
78.3
90.0
27.2
21.7
10.0
,0.001 16.7(64.3)
18.0(63.7)
16.0(63.6)
,0.001 49.9
65.4
83.6
50.1
34.6
16.4
,0.001
Household income tertile
Low
Middle
High
87.2
84.5
69.9
12.8
15.5
30.1
,0.001 16.4(63.8)
16.5(64.0)
17.5(64.0)
,0.001 79.2
71.4
48.6
20.8
28.6
51.4
,0.001
Dependency Ratio, Tertiles
Low
Middle
High
77.3
79.9
84.0
22.7
20.1
16.0
0.008 17.1(64.0)
16.7(64.0)
16.7(63.8)
0.039 61.6
65.7
71.4
38.4
34.3
28.6
0.001
Educational status of the
adolescent
Primary
Secondary & above
83.0
68.4
17.0
31.6
,0.001 16.6(63.9)
17.3(64.2)
,0.012 69.7
51.4
30.3
48.6
,0.001
{High = 3rd tertile of frequency of ASF consumption, Low= the two lower tertiles of frequency of ASF consumption combined.
T-test was used for all mea comparisons with two groups and one way-ANOVA was use for comparing more than 2 means.
Proportions were compared using Chi-square tests.
Consumption of ASF refers to consumption of at least one of the 10 ASF in the food frequency questionnaire once per week.
{High = DDS of the highest (3rd) tertile, Low= the two lower DDS tertiles combined.
DDS: dietary diversity score, FVS = food variety score and ASF = Animal Source foods.
Primary = grade 1–8.
doi:10.1371/journal.pone.0057643.t004
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negatively associated with having high frequency of ASF
consumption per week, while high household income tertile
(OR=2.33, P,0.001) and middle household income tertile
(OR=1.32, P = 0.04) were positively associated with having high
frequency of consuming ASF (Table 5).
In a multivariable linear regression model, adolescent food
insecurity (b=21.99, P,0.001) was negatively associated with
FVS, while high household income tertile (b=0. 64, P= 0.009),
residence in urban (b=0.51, P,0.036) and semi-urban (b= 1.82,
P,0.001) areas were positively associated (Table 6).
Discussion
Adolescent food insecurity is prevalent in the study area [12,42].
We previously reported how food insecurity negatively affects
health [12,16] and educational attainment [41] of adolescents.
One of the mechanisms we hypothesized for the above findings
was through the negative effect of food insecurity on the dietary
practices. This study showed that adolescent food insecurity was
an independent predictor of unhealthy dietary practices. After
adjusting for various socioeconomic and demographic variables,
food insecure adolescents were more likely to have low dietary
diversity score, low food variety score and low frequency of animal
source food intake. These findings may indicate that food insecure
adolescents are at risk of multiple nutrient deficiencies [17,21,43–
44] as a diversified diet containing ASF provides good sources of
essential micronutrients like iron, zinc, calcium and vitamins[26].
Studies in both developed [45–46] and developing countries [21–
22,47–48] have shown that DDS is associated with increased
nutrient intake and better nutritional status in children. Other
studies reported that ASF consumption ensures intake of
micronutrients and high quality protein among children in
developing countries [25–27,49].
Although ASF contribute significantly (even in small quantities)
to dietary quality, their consumption in sub-Saharan African
countries is declining due to decreased access and their increased
price and due to an increase the population size [49,50], while it is
on the rise in high and middle income countries [27,49]. This
coupled with increasing cost of foods will erode access to ASF
among adolescents in low income countries. A study in three
developing countries (Bolivia, Burkina Faso, and the Philippines)
showed that food secure households had significantly higher total
Table 5. Multivariable logistic regression model predicting the likelihood of having high dietary diversity, high frequency of
consuming animal source foods per week among adolescents."
Predictor Variables(n =2084) n High Dietary diversity Score High frequency of ASF intake
b OR(95%CI) P b OR(95%CI) P
Adolescent food security
Food secure (ref) 1656 1 1
Food insecure 428 20.87 0.42(0.2920.62) ,0.001 20.41 0.67(0.5120.87) 0.003
Sex of the adolescent
Male (ref) 1059 1
Female 1025 20.41 0.66(0.5220.84) 0.001 — — —
Age of the adolescent (years) 2084 0.14 1.15(1.0421.27) 0.006 0.07 1.07(0.9921.17) 0.097
Place of residence
Urban (ref) 746 1 1
Semi-urban 589 20.21 0.81(0.6121.08) 0.149 20.51 0.60(0.4720.77) ,0.001
Rural 749 21.00 0.37(0.2620.53) ,0.001 21.26 0.28(0.2120.38) ,0.001
Household income (tertiles)
Low(ref) 687 1 1
Middle 702 0.09 1.09(0.7921.51) 0.602 0.28 1.32(1.0121.72) 0.040
High 695 0.48 1.61(1.1622.24) 0.004 0.85 2.33(1.7623.08) ,0.001
Dependency ratio (tertiles)
Low (ref) 635 1 1
Middle 743 0.11 1.12(0.8521.49) 0.430 0.05 1.05(0.8321.35) 0.673
High 706 0.06 1.06(0.7821.46) 0.699 0.10 1.10(0.8421.44) 0.487
Educational status(Adol)
Primary (ref) 1583 1 1
Secondary and above 501 0.13 1.14(0.8221.59) 0.442 0.422 1.02(0.7621.37) 0.885
Hosemer Lemeshow Test (P) 0.113 0.895
Cox and Snell’s Pseudo R2 0.083 0.071
Parameters estimates were adjusted for the tabulated variables. Ref: indicates the reference category.
Maximum Variance inflation factor = 1.96.
"Parameters estimates adjusted for: Dependency ratio, household income, gender of the household head.
Coefficients as obtained from a multivariable linear regression model.
High = 3rd tertile for both DDS and frequency of ASF consumption.
Adol = Adolescent.
doi:10.1371/journal.pone.0057643.t005
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food expenditures as well as expenditures on ASF, vegetables, and
fats and oils compared with moderately and severely food-insecure
households [29]. A similar study in Bangladesh showed that
dietary diversity was associated with per capita food and total
expenditure [30].
Food security exists when every individual has access to an
adequate quantity and quality food all times [51]. When food
supplies are constrained, adolescents may use various copping
strategies that might negatively affect their nutrient intake. One of
the coping strategies is the reduction in the dietary intake
manifested through either reduced number of meals or size of
meals [4,38,52–54]. Poor dietary practices in food constrained
situations emanate from the behavioral adaptations in response to
food shortage [4,55]. As reported by Norhasmah et al 2010[4],
food related coping strategies follow sequential steps that progress
into temporary alteration of the dietary intake patterns. These
adaptations are categorized into four themes: food stretching
(consuming low quality cheap foods), food rationing (reducing the
size or frequency of consumption), food seeking (searching for food
in socially unacceptable ways) and food anxiety [4,38]. Such
coping strategies are evident in the lexicon of young people in the
study area. These behavioral responses gradually erode the
nutrient intakes of food insecure adolescents or those who are
members of food insecure households predisposing them to
multiple nutrient deficiencies.
Similar to a report from Guatemala [56], our results also show
that adolescents in rural areas were less likely to have a diversified
diet, high FVS and high frequency of consuming ASF compared
to adolescents that live in smaller towns or in the urban areas. This
could be due to better awareness [57] and better caring practices
[58] of households in urban areas for their children compared with
those in rural places, but, more likely this has to do with higher
degree of poverty of in the rural areas (as this seems to be
consistent with our results).
Our results also showed that girls were less likely to have
diversified diet which was similar to the findings of an earlier study
in the same cohort [12]. This could probably be due to less access
of girls to the declining food resources. Similar bias to boys in the
intra-household allocation of food was also reported from other
developing countries [59–61].
Consumption of a diversified diet, ASF and high FVS were
associated with the highest household income tertile. In the face of
increasing food practices, household income enhances their
capacity to purchase food items [29–30,62] thereby increasing
access to good quality diet.
In the absence of interventions, food constraints reflected
through having poor dietary practices may lead to negative
consequences on the wellbeing of adolescents. As a result, food
insecure adolescents may be at risk of morbidity [12,16] and
mortality [63] and poor development[64–65]. Preliminary data
from this cohort of youth also showed that food insecure youth
were at elevated risk of high symptoms of anxiety and depression
[Hadley C, Emory University, pers. comm.].
In Ethiopia, the government is developing an accelerated
stunting reduction strategy which is mainly focusing on food based
approaches. Evidence shows that animal ownership has potential
for economic benefits and contribution to ASF consumption in
poor communities [25]. There is a need for innovative ways of
enhancing both local production and increased consumption of
ASF by adolescents and growing children at the household level. A
report from the highlands of Ethiopia showed that an integrated
approach for the promotion of local dairy goats managed by
women ‘‘..Through a combination of better management techniques, genetic
improvements" lead to better access of households to ASF [66]. As in
many other developing countries, adolescents make large segment
of the population in Ethiopia. Given the fact that food insecurity is
a major problem of the country and that adolescence is the second
period of human life cycle when a very rapid growth, development
with maturation of different organs occurs, the findings call for
attention. A poor dietary practice that occurs at this age may lead
to malnutrition that perpetuates itself [67].
We used personal experiences of adolescent food insecurity to
demonstrate its direct consequence on their dietary practices
rather than household food insecurity reported by the household
head. A recent study also showed adults’ responses do not
represent children’s food security experience as food insecurity in
children may be grounded in the intra-household resource
distribution dynamics which are beyond the immediate lack of
food that adults are aware of [68].
We used a food frequency questionnaire to assess the dietary
intake. Although the food frequency questionnaire was developed
by the investigators who are residents of the study area with the
help of field workers who were well acquainted with the local
culture based on the pretest results, the fact that the questionnaire
is not validated is the limitation of this study. As there is within
individual variability of dietary intake in the study area over the
days of the week, we based our definition of a consumer on a
reference period of one week. People who might have consumed a
food item more than once per week were also categorized with
those who consumed only once per week which might underes-
timate the quantity consumed. Dietary practice was based on the
qualitative measures of DDS, FVS and consumption of ASF.
Addition of portion sizes would have improved our ability to typify
the quantity of the diet the youth consumed [47]. However,
quantitative assessment of nutrient intake is very difficult in
contexts where people consume from a common bowl [69] as is
common throughout Ethiopia. Designing dietary assessment
methods that are valid in populations that consume from a
Table 6. Parameter estimates from linear regression
predicting food variety score among adolescents."
Predictors(n =2084) b SE P
Adolescent food insecurity (Ref. = food
secure)
21.993 0.219 ,0.001
Age of adolescent(Years) 0.137 0.072 0.058
Dependency ratio middle tertile (ref: low
tertile)
20.212 0.217 0.328
Dependency ratio tertile high (ref: lowest
tertile)
20.029 0.229 0.898
Household income middle tertile (ref: low
tertile)
0.112 0.214 0.601
Household income tertile high (ref: low tertile) 0.636 0.244 0.009
Education: secondary or above (ref: primary) 20.008 0.271 0.978
Urban residence (ref :Rural) 0.513 0.244 0.036
Semi urban residence (ref: Rural) 1.818 0.232 ,0.001
"Multivariable linear regression model with the Food Variety Score as a
dependent variable and predictors with
P,0.05 of the bivariate model.
Adjusted R2 = 0.085.
Ref = reference category.
Coefficients as obtained from a multivariable linear regression model.
Maximum Variance inflation factor = 1.78.
SE = Standard error.
doi:10.1371/journal.pone.0057643.t006
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common bowl or share food from the same plate [19] in the
Ethiopian context is a challenge that requires additional research.
Our study has implication for the current global food crisis.
Although studies show that adult members of the household buffer
children from food insecurity [12,70], the recent massive increase
in the price of food items both globally [14,71] and in Ethiopia
[14,72] would compromise the availability of important food items
at household level [29–30] inducing poor quality diets among
adolescents. It was also reported that children were not always
protected from food insecurity, especially when the head of the
family was unemployed and was extremely or abuses substance
[73] and that the relationship between food insecurity in the
children-women subunit also varied depending the status of the
woman in the family [74].
In conclusion, food insecurity has significant negative conse-
quence on the diets of adolescents in the southwest Ethiopia that
puts them at risk of developing multiple nutrient deficiencies. As
food insecurity is a frequent problem and adolescents constitute a
large segment of the population in Ethiopia, the findings indicate
the need for programs to improve adolescent nutrition. Food
security interventions should look into ways of enhancing both
diversified local production and consumption of nutrient rich
foods to prevent food insecurity and its nutritional consequences in
adolescents.
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